The heavy ion beam probe (HIBP) is an established non-perturbing diagnostic for high spatially and temporary resolved measurements of magnetically confined plasma parameters such as potential, density and temperature. These quantities can be determined from the change in the ion beam parameters (charge, intensity and trajectory) passing through a plasma volume due to collisions with electrons and interaction with the confining magnetic field. One of the problems that should be solved during HIBP installation and tuning is the coordinate matching. Conventionally the coordinate mapping of the HIBP measurement point is provided by ray tracing calculations of the ion beam in the magnetic field. However, it is very difficult to include all physical effects 2 and uncertainties in the model. Thus, the result of the calculations may differ from the real probing position. In order to improve the mapping precision of the HIBP installed at the WEGA stellarator an additional measurement of the beam position is provided using a primary beam detector array inside the vacuum vessel. This allows comparing the measured and calculated ion beam positions in order to prove the calculated coordinate precision and include adjustments in the calculation code if necessary. The principle and the results of this calibration, which is not specific to WEGA but could be adapted to other experiments as well, are presented in this work.
Introduction
A Heavy Ion Beam Probe (HIBP) is a unique diagnostic, which provides direct nonperturbing and localised plasma parameters measurements in toroidal magnetic 
HIBP on WEGA
WEGA is a medium sized classical five period stellarator with l = 2 poloidal symmetry.
It has a major radius of R = 72 cm and a maximum average plasma radius of a = 11 cm 6 .
In HIBP experiments the plasma is produced and heated by a gyrotron with a power of where r is the distance to the plasma centre (r/a = 0). The plasma centre itself is not accessible for the HIBP due to geometrical limitations of the installation. The HIBP system consists of a primary and a secondary beam-line (Fig.1) . Secondary ions form a fan which reaches the secondary beam-line entrance (Fig.2) . In the secondary beam-line electrostatic plates α3 and β2 deflect that part of the secondary fan originating from a specific sample volume to the energy analyser entrance. Voltages on α3 and β2 deflecting plates define the position of the sample volume along the primary beam trajectory. In this way, the voltages on all deflecting plates define the position of the sample volume in space.
The secondary beam to be analysed is singled out from the fan of secondary particles by the energy analyser entrance slit. The energy and the total current of the secondary ions originating from the selected sample volume are measured in a Proca-Green design 9 energy analyser, which is installed at the end of the secondary beam line (Fig.1 ).
CALIBRATION TECHNIQUE
6 As mentioned before the coordinate of the ionization point is calculated utilizing a ray tracing code. This code uses the magnetic configuration of WEGA together with the electrostatic fields of the HIBP deflecting system for the calculation of the primary and secondary ion trajectories based on a Runge-Kutta method. However, the code uses the ideal geometry of the installation. In reality, assembly errors result in a mismatch between the calculation results and real ionization point position. Various types of PBD were used at afire mentioned devices. The advantage of the detector used at WEGA is that it could measure not only the coordinate of the primary beam in poloidal direction, but also the toroidal shift of the beam could be defined. This allows justifying the primary beam line position in poloidal and toroidal direction with very high precision.
Generally PBD gives the information about the final coordinate and shape of the primary beam. In a presence of plasma PBD measurements are complicated because of plasma load on the detector plates. In order to detect the beam in this case the modulation techniques could be used and the beam current could be increased to improve signal to noise ratio. In the case when the magnetic field configuration is fully defined by external 8 magnetic coils system the calibration of HIBP by PBD measurements could be provided in "plasma free" experiments where no plasma ignition and heating are performed. This is the case of the stellarators where the plasma current is not affecting the magnetic configuration. This feature of stellarator-like devices is used for PBD calibration measurements at WEGA. No measurements in plasma presence were provided in the frame of this work.
As reference points on WEGA the wire grid detector and plate detectors are used to measure the current when the primary ion beam touches its surface. Initially a set of wiredetectors was installed at the output of the primary beam before the ion beam enters the WEGA chamber (Fig.1) . These detectors provide information on the beam position at the end of the primary beam-line before entering the magnetic confinement region. In order to obtain full information on the primary beam trajectory it is necessary to measure its position at another point which is far enough from the wire-detector to provide a good base line for the measurements. For this purpose, an array of 32 precisely positioned hexagonal-shape detector plates was installed inside the WEGA chamber (Fig.2) . The plates are installed in a stainless steel shielding box to prevent an interaction of the plate array with the edge plasma. The array of the current measuring plates is shielded additionally from heating microwave by a metallic grid. The box is fixed at the bottom of the WEGA vacuum chamber. At this point the primary beam touches the wall during the operation at nominal magnetic field. The range of 57 mm in radial direction and 30 mm in toroidal direction is covered with current measuring plates (Fig.2) . The shielding box has a bent shape to realize an alignment with respect to the WEGA vacuum chamber wall.
These 32 plates are connected to 8 ADC channels through amplifiers with a low pass 9 filter as shown in Fig.3 . Thus, each channel acquires the sum-current of four spatially separated plates. The typical measured current signals are also shown in Fig.3 . One of the eight signals is highlighted (red line). Other signals (grey curves) behave similarly. It is seen that up to four maxima of measured current on one signal could be obtained if the beam touches all four plates connected to the same ADC channel during the scan process.
The maxima of the current signal are attributed to the four connected plates via ray tracing calculations based on the experimental conditions. 
COORDINATE MAPPING
In Fig.4 the footprints of the primary beam on the detector array are shown for a toroidal magnetic field scan (a) and for a helical magnetic field scan with toroidal magnetic field staying constant at nominal value (b). Here, the deflecting voltage at the β1 plate is zero which means no toroidal correction of the primary beam. In this case during the pure toroidal magnetic field scan the beam footprint should always be at z = 0 as shown in Fig.4 footprint (a) by the dashed arrow.
The coordinate system, shown in this figure, has its origin in the centre of the poloidal cross section where the HIBP is installed with the x-axis directed along the major radius of the torus. The y-axis is perpendicular to the equatorial, and the z-axis perpendicular to the poloidal plane.
Also an α2 plate deflecting voltage scan is shown in Fig.4 by the footprint (c). Both the helical and toroidal magnetic fields are at nominal values in this measurement. Here, the β1 voltage is equal to U = −130 V which is the optimal value of toroidal beam correction for which the maximum of the measured secondary current is observed in the energy analyzer during the plasma experiments. The footprints calculated by the ray tracing code are shown by dashed arrows, the measured data are shown by solid arrows. (Fig.5b) . If the α2 deflecting plates are not ideally aligned in the horizontal plane the ion beam will be deflected not only in the x-y-plane, but also in z (toroidal) direction. In the WEGA case this parasitic toroidal shift just compensates the influence of the poloidal magnetic field component on the primary beam trajectory. As a result, the measured primary beam footprint during the α2 scan is nearly parallel to the radial direction, which, in turn, implies that the HIBP measurement points deviate less from the poloidal cross section.
The angle between the deflecting plate surface and the horizontal plane in WEGA is found to be nearly 2.3°. Both deviations lead to the toroidal beam position mismatch.
14 However, the radial position of the primary beam (x coordinate of the beam) is found to be consistent with the calculated values in the range of the measurement's precision.
Therefore, no additional correction of the calculations is necessary for the radial coordinate of the ionization point. However, the calibration should be performed each time after a maintenance of the HIBP.
For example, each time when the ion source working body is replaced by a new one. The measurements should be repeated because changing the ion source configuration could influence the initial distribution of the ions over the working body surface. This would lead, as a consequence, to a deflection of the primary ion beam from the calculated trajectory in radial or/and toroidal direction, which is not the case for currently installed ion source.
